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Why Study: Fluctuations at RHIC?

Movie by the University of Minnesota Physics Department To search for direct
evidence of critical
behavior from a
phase transition
from normal
hadronic matter to
the sQGP phase.

Near a tri-critical end-point in the

QCD phase diagram, event-by-

. . - event fluctuations in charged
Movie of a sealed container containing freon on X Lt

a hot plate at the critical point. partlcle mUIt|pI|C|ty and average

The image is projected onto a wall. p; could increase significantly. A.
Heiselberg and A. Jackson, Phys. Rev.
C63 (2001) 064904, M. Stephanov et
Light is strongly scattered from a mixed phase al., Phys. Rev. Lett. 81 (1998) 4816

with droplets of size on the order of the
wavelength of light.

Common Analogy. Critical Opalescence
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Two “central
arm”
spectrometers
anchored by
drift chambers
and pad
chambers for
3-D track
reconstruction
within a
focusing

magnetic field.

The PHENIX Detector

Central 200 GeV Au+Au event display

Acceptance:
In|] ~ 0.35
|Ag| ~ Tt

Although the PHENIX acceptance is traditionally considered small
for event-by-event measurements, the acceptance is large enough
to provide a competitive sensitivity to most observables.
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Measuring Multiplicity’ Fluctuations wit

Blnomlal Dlstrlbutlons

Multiplicity distributions in
hadronic and nuclear
collisions can be described by
the Negative Binomial
Distribution. The magnitude
of the parameter k describes
the deviation from a Poisson
distribution - higher k means
more Poissonian.

UAS5: sqrt(s)=546 GeV p-pbar,
Phys. Rep. 154 (1987) 247.

E802: 14.6A GeV/c O+Cu, Phys.
Rev. C52 (1995) 2663.
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Thermodynamically: Motivatea Observables:
Relating distributions te compressibility.
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A Survey of Scaled Variance, o4/

[ 200 GeV Au+Au | 62 GeV Au+Au

e Inclusive charged
hadron fluctuations.

*These values are
corrected to remove theg:
contribution due to
impact parameter i
(geometrical) oy TR
fluctuations and ' R
projected to 2mtin

azimuth for direct
comparisons to NA49
and other experiments.

T
WIS R T AR smnsyass O
S
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e Here, the Poissonian
(random) limit is 1.0.

e Large non-random
fluctuations are
observed that increase
with p; and decrease
with centrality.

pT-ﬂ‘Inx IGEV:'CJ pT,mn: [G'EVJFC]
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A Survey of N.B.D. 1/k

 Inclusive charged PHENIX
hadron fluctuations. e e - Preliminap

-
-, ._._g-,ﬂ.ﬂ,

| 200 GeV Au+Au | 62 GeV Au+Au

e These values are
corrected to remove )RR =
the contribution due =JESEY S0y < 4
to impact parameter ) z 1
(geometrical) 7
fluctuations and : ’ 1034
projected to 2mtin '
azimuth for direct
comparisons to NA49.

[ 62 GeV Cu+Cu

200 GeV Cu+Cu_ |

PHENIX

e Here, the Poissonian
(random) limit is
1/k->0.

e Large non-random
fluctuations are | _ RS
observed that K Jo . 50

decrease with
centrality.
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Fluctuations over the entire

0.2<p;<3.0GeV/c 0.2 < p;<3.0GeV/c
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Inclusive charged hadron fluctuations. All points are projected to 2mazimuthal
acceptance, corrected for detector occupancy and efficiency. All points are corrected
for non-dynamical geometry fluctuations due to the finite width of the centrality bins.

Errors include time-dependent systematic errors, azimuthal extrapolation systematic
errors, and impact parameter correction systematic errors. p+p fluctuations are
consistent with projections of UAS results to sqrt(s)=200 GeV.
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A Critical Exponent analysis of the
centrality-dependent fluctuations
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N.B.D. 1/k+1/u

All systems have been scaled
to match the 200 GeV Au+Au 0.2<p;<3.0GeV/c

points for emphasis. PH EHIK Prelimina'ry

All four systems exhibit a
power law behavior with
respect to N, ;- All systems
appear to follow a universal
curve within errors.

B 200 GeV AutAn

..... B a2 Gel Autdn

. .................... 1 200 GeV Curl

N.B.D. 1/k + 1/<N>
<

T 62 GeV CutCn

The fit assumes that N, .~0
and (see e.g. hep-
ph/0502174)

The value of the critical . '&-.,_ é
exponent is y=1.24+0.13 for o e e ] M,
all species. :ﬁﬁffﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁfﬁﬁfffﬁﬁ::ﬁﬁﬁfﬁﬁﬁffﬁﬁﬁffﬁﬁﬁﬁﬁﬁﬁﬁﬁffﬁfffﬁ%ﬁ;;ﬂf

This is consistent with y for

common gas-liquid phase o 100 200 300 400
transitions, which are

typically between 1.2 and 1.3.
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Scaled Variance Direct comparison to NA49

(17 GeV Pb+PDh)

02<pT<30GeV/c

PHEHIK Prallmmary

200 l'.'kl".a!ﬁ.lu

62 GelV Au+du

208 GeV Cu+Cu

62 Gel Cu+Cua

I7 Gel Ph+Ph, NAIY

(va r{N]E:M:-}I-:N:-

Includes a comparison to NA49
measurements at SPS energies.
The NA49 scaled variance data
have been corrected for impact
parameter fluctuations from their
10% wide centrality bins and : : :
scaled up by 15% to lie on the 10 :::::::::::::::::::51:::::::::::::::::::5::::::::::::::'.*:e:“5':::::::::::::::::::
200 GeV Au+Au curve. The fits I e, r ..*.'...; .............
use y=1.24. The NA49 data :ﬁﬁﬁﬁﬁ1'1;1'2440”1'3:ﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ.ﬁiﬁﬁﬁﬁﬁﬁ..?{é;ﬁﬁﬁﬁ
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Multiplicity: Fluctuations: Extracting a
Correlation; Lengtn

e The correlation length, ¢ , is expected to diverge at the critical point.

e To extract ¢, the N.B.D. k parameter is extracted by fitting the
multiplicity distribution in successive ranges of dn or d¢.

e NBD k can be related to a correlation length as follows (see £802,
Phys. Rev. C52 (1995) 2663 ):

Here, a is fixed to 0.5 (based on PHENIX preliminary correlation function
measurements). 3, and ¢ are free parameters.
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N.B.D. 1/k

-
=]
i

Example: NBD 1/k vs. A@

central

.....................................................................................................

N.B.D.1/k

10°

. 20-25%

central

Jeffery T. Mitchell (BNL) — QNP *06, Madrid — 6/7/06




Correlation length () in centrality and p- ...,

PHENIX [ 62GeVAu+tAu |
Preliminary /[~ 200 GeV AutAu B

Carr. Length.(n)
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Corr. Length (n)

All species show the same increasing trend as ' - g
T.max [GGVJ'cJ
N,..« and p; .., decrease.
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Correlation lengthi (@) in centrality and Py, may

PHENIX
Preliminary
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All species show the same increasing trend as
N,..« and p; .., decrease.
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..................................................................................

Corr. Length (n)

200 GeV An+An
62 el AutAdnw
200 Gre b Cu+C

6 Gel Cu+Ca
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These points have not been scaled. Notice
that the correlation lengths also appear to
exhibit a universal behavior as a function of

centrality. A critical exponent analysis can
be performed on the correlation length:

PHENIX Prﬂllmln'ar:',lr

..............................................................................

.................................................................................
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B 200 GelV Au+An
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VW 82 GeV CutCu
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Corr. Length (n)

Correlation Lengths: Critical Exponent Analysis
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The data from other systems have been scaled to lie on top of the 200
GeV Au+Au points for emphasis. The fits yield v=4.26 for

pseudorapidity and v=5.53 for azimuth. The typical value for v in
common systems is 0.5.
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Critical Exponents: p-independent

02<pT<075GeV/c

| PHEHIJ{ Prellmlnary |
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200 re V' Co+Cu

62 Gl Cu+Cu

.................................................................................
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The critical exponents describing the

data are independent of p; range. The

scaling appears to be driven by low p.;
processes.
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Critical Exponents vs. N -
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The critical exponents from the
fits are sensitive to N, . above
about 0.1
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Measuring <p:> Fluctuations

Gamma distribution calculation for statistically independent particle emission with input
parameters taken from the inclusive spectra. See M. Tannenbaum, Phys. Lett. B498 (2001) 29.

Red: Random
Expectation
(I" distribution)

Blue: STAR
acceptance
fluctuation of:

@®,r=52.6 MeV,
F.r=14%,

oT.dyn=52.3
(MeV/c?),

% ,1=9.8%

o2

0.5 0.6 0.7
+ = Event-by-Event Average p;
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PHENIX Event=by-Event <p:>

Sit

TN
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4.5
uE L E
4=
35
3
2.5;
2:
1.5F
= -
0.55— 'y
o = N
o

50 100 150 200 250 300 350 400

part

F, (%)

Eluctuation; Results

0.2 < py < pymax

4 = =} PHEMIX 200 GeV Au+Au, 20-25% ceniralily

3.55— — +
* PH><ENIX +

'
1.50
20-25%

il +
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Highlights: Non-random fluctuations are observed. Non-monotonic centrality-
dependence. Strong p;-dependence. p; fluctuations appear to be driven by
high p; particles. The shape can be explained using a PYTHIA-based

simulation by the contribution of correlations due to jets.
S. Adler et al., Phys. Rev. Lett. 93 (2004) 092301.
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Thermodynamically: Motivated Observables:
Relating pr Fluctuations, te Heat Capacity.
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<p;> Fluctuations: Critical' Exponent Analysis

208 GeV An+An, PHENIX
17 el Ph+Ph, CERESN
12 GelV Ph+Ph, CEREN

&8 eV Ph+Ph, CERES

participants

The CERES data has been scaled to the match the PHENIX data.
Within the (large) errors, the various species lie on a universal curve.
The fit to the PHENIX data yields a=-2.38. Typical values are a=0.1.
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<p7> Eluctuations: Criticall Exponent Analysis

[T T T T T T T T 1
200 GeV Au+An, PHENIX
200 GeV Au+An, STAR
130 eV An+An, STAR
62 el Au+Adn, STAR
20 eV Au+An, STAR
17 Gel’ Ph+Ph, CERES
I2 eV Ph=Ph, CERES
&E eV Ph+Ph, CERES

participants

The CERES and PHENIX data has been scaled to match the STAR 200 GeV
Au+Au data. Within the smaller STAR errors, the various species lie on a
universal curve. The fit to the STAR data yields a=-3.77. Typical values are

a=0.1.
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Conclusions

PHENIX has completed a surve?/ oft multiplicity: fluctuations as a
function of collision species, collision energy, centrality, and py

range. The fluctuations increase with a power law: behavior as
centrality, decreases.

A criticalfexpoenent analysisi off the multiplicity’ fluctiations,
correlation length extracted frem multiplicity fiuctuations, anad
<pr> filuctuationsisnew! that:

= [he centrality: dependence; of allf systems measured are
consistent with: critical behavior'and critical exponents can

DEe extracted.

x| [he critical expenents extracted ane INdependent: off the p;
fiaNde ever WhICh the measurement IS made.

s Whenrthermodynamically-adriven guantitiesiare plotied as a
function off centrality, all'species lie aleng ai tniversal curve.

a| [However, piiluctuations are driven; by highip; particles and
v£(2+0)/3.

Future, work with theoreticall guidance can help: us extract and
test relations between criticallexponent: parametrizations.
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Auxiliary: Sliaes
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Impact Parameter Fluctuations: Data
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Raw var(N)/<N>

5]

e

Impact Parameter Fluctuations:

HIJING 1.37

bl

.................................

.................................................

200 GeV AutAu, fixed b

200 GeV AutAn, ranged b

- Raw MN.B.D. k
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Correlation LLengthr Excitation Function

208 eV Au+Aun, #-5% central

200 eV Au+Aun, pevipheral

62 Gel Au+An, §-3% cemtral

62 el Au+An, peripheral

Id.64 GelVie eV (4O, Min. Bias (E802)

100 150

VSun
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Jet Simulation; Results: PHENIX at sgrt(s,y) = 200 GeV

The S, parameter is initially adjusted so that F;

from the simulation matches F; from the data for
20-25% centrality (circled). It is then FIXED and
finally scaled by R,, for all other centralities.

This decrease is due to the signal
competing with the M;; width
5 increase for low N.
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